The use of renewable energies as alternative to fossil fuels has value from different points of view and has effects at environmental, social and economic level. These aspects are often connected to each other and together define the overall sustainability of bioenergy. At European level, the Directive 2009/28/EC gives the basic criteria for the estimation of sustainability of biofuels and indicates a minimum threshold of 35% of greenhouse gas saving for a biofuel in order to be considered sustainable. The Directive gives the possibility to identify standard regional values for the cultivation steps that could be utilized for the certification. This paper aims to give a contribution to the definition of these values considering the RED methodology applied to the sunflower cropped in central Italy which is characterized by a hilly landscape and not-irrigated crops. To determine input and output of sunflower cultivation in the central Italy, the results of PROBIO project, carried out by the Authors, were used. The sustainability of biodiesel produced from sunflower grown in central Italy is variable and depends on the nitrogen input and seasonal climatic conditions that affect the yields. The greenhouse gases savings of the Italian chain is 40% in average, greater than the required 35% and would be possible to assign this value as standard to the biofuel chain biodiesel from sunflower cultivated in central Italy. Using an averaged regional standard value guards against the possibility of considering unsustainable harvesting in unfavourable years and seeing it overestimated in the favourable ones.
Introduction
The search for renewable energies, alternative to fossil fuels, has value from an environmental point of view (IPCC, 2007) and also for other aspects, more directly related to the security of national economies (Asif and Muneer, 2007) . The European Renewable Sources Directive (European Parliament and Council, 2009) , Directive 2009/28/EC also known as RED, identifies for the Member States the targets to satisfy in terms of final energy consumption with energy coming from renewable sources and in terms of renewable energy content of the fuels used for transport. The effectiveness of the biofuels use in reducing the greenhouse effect, however, is very variable and the use of biofuels on a large scale can also cause negative effects at environmental, social and economic level. These aspects are often connected to each other and together define the overall sustainability of bioenergy, a topic widely debated by scientific organizations, industry, nongovernmental organizations, national governments and supranational institutions, engaged in identifying methods to evaluate and certify them (Van Dam et al., 2010) . In particular, many of the protocols used for certification purposes are focused on the sustainability of biofuels and include only some environmental aspects [i.e., greenhouse gases (GHG) emissions], without considering the economic and social sides and ignoring the indirect effects of land use change. The latter aspect is the subject of a great debate among authors and institutions over its real impact on GHG balance (Searchinger et al., 2008; ClientEarth et al., 2010) .
At European level, the RED gives the basic criteria for the estimation of sustainability of biofuels for transport and bio liquids and these criteria have been extended by the COM(2010)11 (European Commission, 2011) , hereafter COM, in form of recommendations on solid and gaseous biofuels used for electrical, thermal and cooling production. In addition, the RED states that biofuels must be certified under a mass balance system and some voluntary certification schemes compliant to the Directive have already been approved by the EC (European Commission, 2012) . A sustainability criterion is to obtain a certain minimum reduction of the GHG emissions when the alternative chain is compared with those based on fossil fuels. This threshold is defined to be 35% at the entry into force of RED (December 2010) and will increase to 50% from 1 st January 2017 and to 60% from 1 st January 2018 for plants starting production after December 31 th , 2016. For energy chains using waste and residues as raw materials, GHG savings thresholds are fulfilled by law. In RED 
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Directive the methodologies of calculation of the GHG emissions are indicated; there are also some GHG saving standard values referring to the main chains that can be used avoiding calculations. The European Committee for Standardization (CEN), through its Technical Committee 383, is working on these issues and has already produced draft technical standards, as reported in the website of the EC Transparency Platform (CEN/TC 383, 2012) , which aim to facilitate the RED application.
These methodologies, however, can lead with different interpretations originating different final results and causing problems. To overcome this, the European Commission launched the project BIOGRACE (BIOGRACE Project, 2012) on the harmonization of methods for calculating the GHG emission savings. The aim was to provide a list of conversion factors and a harmonized set of spreadsheets that can be used by Member States in their national legislation.
The RED gives to the States also the possibility to identify standard regional values for the cultivation steps that could be utilized for the certification of the biofuels. This paper aims to give a contribution to the definition of these values considering the RED methodology implemented by the BIOGRACE to the sunflower cropped in the area of central Italy which is characterized by a hilly landscape and notirrigated crops.
Materials and methods

General aspects
This work has paid particular attention to the sunflower yields and to the nitrogen fertilization assessments, based on regional data. In fact, these are the factors most affecting the GHG balance. For the other chain steps, process and transport, not strongly linked to the area, the RED values were used.
To determine the average input and output of sunflower cultivation in the central Italy, the PROBIO project results carried out by the Authors in the Marche region (Riva et al., 2006) have been used. In this region, located in central eastern Italy and highly representative of the area, in 2011 has been produced the 33% of the total Italian sunflower production. This figure raises to 70% if we consider all the central Italy (Marche, Umbria, Tuscany).
In the PROBIO project different cropping techniques (Table 1 ) were observed and studied on the field. The inputs used in the different cropping techniques are reported in Table 2 . The results refer to the years 2003-2005 and have been carried out in different locations, farm size and agronomic inputs. Table 3 shows the relevant range of Table 1 . Cultivation techniques considered in PROBIO project (Carried out operations are identified by an "X").
Cropping operations
Cultivation techniques 1 2 3 4 5 6 7 8 9 Article inputs and the average data used here for calculations. In general, the nitrogen fertilization rate is in line with that of other studies that make reference to central Italy (Chiaramonti and Recchia, 2010) . The cultivation of the sunflower is done almost always without irrigation. As a consequence, even if the fertilization is the same in the different years, the yield varies depending on the intensity of the rainfalls during the critical crop phenologic stages that influence the use of nutrients by the plant. Given the importance of the thermo-pluviometric trend on crop yields without irrigation, the trends in the period 2003 -2005 (ASSAM, 2012 and the historical averages related to the Marche region are shown in Tables 4 and 5 .
Meteorological trends show three very different climatic years. From December 2002 to November 2003 rainfall decreased of more than 13% with respect to the historical average while temperature increased of 4.3°C. In particular, considering the period of cultivation of the sunflower (April-September), the rainfall decrease (-56% in spring and -43% in summer) and the temperature increase (+4.9°C in June and +4.7°C in August) caused serious water deficit conditions with direct consequences on sunflower grown without irrigation. In the following year although remains a relatively rainfall scarcity condition (+5% spring and -37% in summer), the temperatures were closer to the historical average and these conditions result in a more favourable water balance for sunflower cultivation. Finally in 2005, characterized by high rainfall and low temperatures, the water balance was very favourable to sunflower crop.
Taking into account the reference input established in Table 3 and considering the yields reported in PROBIO project for the years 2003-2005, in Table 6 are summarized the main input and output of the cultivation step compared with those of the related RED chain. The yield related to Marche in average climatic year is in line with the National Institute of Statistics data (ISTAT, 2012) .
With this setting and subsequent calculations it is possible to highlight the influence of climate trends on the cultivation sustainability.
Calculation of greenhouse gases emission savings
The life-cycle analysis (LCA) is considered the most appropriate method to assess the GHG savings. To perform the LCA, the RED contains some general rules and defines the issues to be considered or not in the estimation, as reported in the following equation: E = eec + el + ep + etd + eu -esca-eccs -eccr -eee,
where: E = total emission from the use of the fuel; eec = emissions from the extraction or cultivation of raw materials; el = annualised emissions from carbon stock changes caused by land- Article use change; ep = emissions from processing; etd = emissions from transport and distribution; eu = emissions from the fuel in use; esca = emission saving from soil carbon accumulation via improved agricultural management; eccs = emission saving from carbon capture and geological storage; eccr = emission saving from carbon capture and replacement; eee = emission saving from excess electricity from cogeneration. The methodology considers the allocation of emissions between products and co-products, according to their energy content. The indirect emissions due to the manufacturing of the machinery and the equipment aren't taken into account. The same for those associated with the use of biofuels and bio liquids.
GHG emissions of the entire chain, expressed in gCO2 equivalent, correspond to the sum of the emissions coming from each individual step related to 1 MJ of final fuel produced. The result must be increased with the emissions coming from a possible land use change (European Commission, 2010) and it can also be reduced by any saving achieved through the increased carbon in the soil or by other practices able to sequester carbon dioxide.
In this work, land use changes effects were not considered because in this case the energy crop don't cause land use change and don't subtract raw material to the food or industrial market.
All the input data have been referred to the energy unit of produced biomass (MJ) using the standard lower calorific values contained in BIOGRACE and then have been multiplied by the relative emission factors reported in Table 7 . In this way, the emissions of the cultivation step in terms of gCO2eq MJbiomass -1 were obtained. To express emissions in gCO2eq MJbiofuel -1 were used the same conversion factors used for the related RED chain, reported in the spread sheet provided by BIOGRACE for the sunflower. The calculation of N2O emissions from the soil was made using the IPCC Tier 1 approach, in line with the RED recommendations. The results obtained are thus directly comparable with the related RED chain.
For process and transport steps, the standard values indicated in RED Annex V were used. Finally, to calculate the emission savings for the biodiesel produced from sunflower, the relationship defined in RED was used considering that for biodiesel employed for automotive use EF is 83.8 gCO2eq MJ -1 . GHG savings related to the case of production of only electricity, only thermal or cogeneration are, respectively, 91, 77 and 85 gCO2eq MJ -1 .
GHG SAVING = (EF -EB) / EF
( 2) where: EB = total emissions from the biofuel or bio liquid; EF = total emission from the fossil fuel comparator.
Results
In Table 8 are reported the results of the calculations performed to evaluate the emissions of the single cultivation step. Data are expressed in gCO2eq kgsunflowerseed -1 : they are not directly related to the biofuel, but are useful to analyse the inputs that have the greatest effect on overall emissions of this step. 
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In Table 9 the emissions related to the considered biofuel chains are reported. Process and transport emissions are the RED standard ones. Emissions from the cultivation step were calculated considering a drying process identical to that considered in the related RED chain; the energy allocation of the emissions between products and co-products was defined by the conversion efficiencies used in the BIOGRACE spread sheet: the differences in the total emissions are therefore attributable only to the cultivation step. In Table 10 are reported the GHG savings obtainable with the considered biofuel chains in case of transport, heat and electricity production, cogeneration.
Discussion
The Italian sunflower chain in comparison with the RED minimum required level of 35% is sustainable only in average and favourable climatic years. The emissions of the cultivation step are, in any case, higher than the disaggregated standard values reported for the related RED chain. This is mainly due to the low nitrogen fertilization considered for the RED chain that does not represent the reality in central Italy.
The present analysis and the scientific literature reveal a close connection of the emissions during cultivation to the nitrogen fertilization. If the nitrogen input is low, however, it is possible to achieve significant reduction in GHG emissions, but seldom farmers use low inputs. It is important to underline that farmers normally adopt the maximum fertilization rate permitted by law. Nevertheless, the GHG savings of the Italian chain is 40% in average, greater than the required 35% and would be possible to assign this value as standard to the biofuel chain biodiesel from sunflower cultivated in central Italy.
It must be stressed that, with the increase of the minimum threshold to 50% provided by RED in 2016, the Italian chain can't be considered sustainable, as well as other Italian energy crops, unless making substantial enhancements of the cultivation step.
The important aspect that arises from this work is the dependence of the sustainability of sunflower cultivation without irrigation from the climatic conditions. In general, with irrigated crops it is possible to optimize the inputs, according to the expected yields. In addition, the additional GHG emissions by irrigation are easily balanced by the maximization of the crop productivity.
Conclusions
The sustainability of liquid biofuels produced from sunflower grown without irrigation is variable and depends on the nitrogen input and seasonal climatic conditions that affect the yields. In real cultivation conditions for central Italy, the nitrogen input is normally higher than the one considered in RED chain. This is mainly due to the aim of farmers to maximize the production. To make this production sustainable, the nitrogen input has to be balanced with the yield. In unfavourable years the crop can't use all the nitrogen input because limited by other factors like water. In these cases the only way to obtain a sustainable production is to limit the nitrogen input, but this is practically impossible because the yield is not predictable a priori. Using an averaged regional standard value guards against the possibility of considering unsustainable harvesting in unfavourable years and seeing it overestimated in the favourable ones. This fact is important for crops such as sunflower, normally cultivated without irrigation in Central Italy. A possible improvement of sustainability can be achieved for example by using organic-N from residues coming from zootechnics and anaerobic digestion plants in substitution of mineral-N for fertilizing operations. This could reduce the GHG emissions of the cultivation step by about 20-30%. Apart these considerations, however, it seems evident that the sustainability could be assured only controlling inputs and outputs of cultivations that mean, basically, to perform and optimize the irrigation. 
